Background {#Sec1}
==========

Within the past decade, multimorbidity has become a major public health concern challenging patients, health care providers, and health care systems. Multiple chronic conditions have a strong impact on the affected population, including poor health outcomes, lower quality of life, higher health care utilization and corresponding costs \[[@CR1]--[@CR3]\]. Research investigating trends in multimorbidity points towards increases in multimorbidity prevalence over time \[[@CR4]--[@CR6]\]. In the context of population ageing, these increases are expected to continue. However, studies analysing the development of multimorbidity over time are rare and little is known about time trends of social disparities in specific populations.

Previous research has produced evidence for social inequalities in multimorbidity, indicating a disadvantage in prevalence risks \[[@CR2], [@CR7]\] and earlier incidence during the life course for individuals with lower socio-economic status (SES). A Scottish study reported 10 to 15 years earlier onsets of multimorbidity in primary care patients living in the most deprived areas compared to those living in the most affluent \[[@CR8]\]. The reasons for social inequalities in health are numerous and the underlying mechanisms are still not fully understood \[[@CR9], [@CR10]\]. Besides economic and occupation-related aspects, health behaviours and the level of health-related knowledge are widely accepted to foster health inequalities between SES groups \[[@CR11], [@CR12]\]. Research shows that this equally applies to multimorbidity as associations between risky health behaviours, such as physical inactivity, smoking, and high BMI, and multiple-chronic conditions are well documented \[[@CR13], [@CR14]\].

Over the last decades, growing income inequalities in Europe as well as in Germany are reported \[[@CR15], [@CR16]\]. These increasing social disparities raise the question whether all SES groups are affected by the prevalence increases similarly or whether time trends differ between groups, leading to growing health inequalities over time.

In order to keep the ratio of workers to non-workers in ageing populations constant, policies aim on growing labour force participation, especially among older and middle-aged adults \[[@CR17]\]. As a result of the demographic change and an increased retirement age, the German working-age population ages rapidly \[[@CR18]\]. Against this backdrop, it is important to examine health trends in middle-aged and older working population, taking into account that health might develop differently between SES groups. Multimorbidity represents a relevant health indicator as it is associated with declines in functional status, poor quality of life, and increased mortality risks \[[@CR2], [@CR3], [@CR19]--[@CR21]\]. Moreover, the presence of multiple conditions hampers the ability to meet job requirements and predicts lower labour force participation \[[@CR22]\].

The present study aims to investigate the development of social inequalities in multimorbidity prevalence among the working population over time. Special attention is paid to the question whether differing time trends between SES groups have taken place, increasing or reducing health inequalities. The analyses are based on claims data of a large German health insurance provider which permit to include a broad range of chronic conditions. The data cover an observation period of 11 years. The study is guided by the following research questions:Has the prevalence of multimorbidity increased among the working population over the time period from 2005 to 2015?Are there social disparities in multimorbidity prevalence among the working population?Are there differing time trends in multimorbidity prevalence between SES groups in the time period from 2005 to 2015?

Methods {#Sec2}
=======

Data {#Sec3}
----

The analyses are based on claims data of the AOK Niedersachsen (AOKN), which is a large statutory health insurance provider in the federal state of Lower Saxony, Germany. Health insurance coverage is part of the welfare state-based health care system and is mandatory for all residents in Germany. Nearly 90% of the German inhabitants are insured by a statutory health insurance \[[@CR23]\]. The insurance is based on premium payments and usually covers the full medical care at no or low additional costs.

The data were collected for accounting purpose and contain demographic and socio-economic information as well as in- and outpatient diagnoses, medications and all treatments covered by the insurance. With respect to sex and age, the AOKN population is comparable to the total population of Lower Saxony and Germany. However, the insurance population differs from the general population in terms of educational level and occupational positions as lower socio-economic groups are overrepresented \[[@CR24]\].

Socio-economic indicators {#Sec4}
-------------------------

Employers in Germany are legally bound to report annually on salaries, qualification level, and occupational position to statutory health insurances. Thus, our data comprise information on annual gross income, educational level, and occupational group for employed insured individuals. In order to provide a deeper understanding of the underlying processes, each of these three SES indicators was analysed. Research indicates that each indicator is related to different causal processes influencing the health of individuals and that they are usually only moderately or weakly correlated to each other. This implies SES indicators cannot be used interchangeably \[[@CR25], [@CR26]\]. SES measures on income and occupational groups are based on previous studies using health insurance data of the AOKN \[[@CR27]\].

*Educational level* was assessed using years of school education, indicating different degrees of school-leaving qualifications: 9 to 11 (low), and 12 to 13 years (high) of school education. *Income* is classified according to the average income in Germany in a given year reported by the German federal statistical office. Thus, income groups vary between years in absolute terms but are constant in relative terms, accounting for increasing income levels over time. Income was classified in three groups: \< 40% (low), 40 to \< 80% (middle), and 80% and above (high) of the annual average income from the German population. *Occupational groups* are based on an occupation classification system by Blossfeld \[[@CR28]\]. The original system contains 12 groups. Occupations within the same group are comparable with regard to requirements on school-leaving qualification, vocational training, and professional activity. For the present study, these 12 groups were summarized into four: unskilled, skilled, specialists, and highly qualified. Specialists differ from skilled employees by higher qualification and higher level of decision latitude. Highly qualified employees usually have a university degree and demanding professional tasks. A detailed description on how the occupational groups were summarised and a listing of the original classification system by Blossfeld \[[@CR28]\] can be found in Additional file [1](#MOESM1){ref-type="media"}.

As information on SES is only available for the working population, the following analyses are based on employed individuals of the years 2005 to 2015. The age range was restricted to individuals aged 40 to 65 years, because the prevalence of multimorbidity in our data is too low in younger age groups. As the dataset comprises the complete insurance population, most individuals are included over more than 1 year of observation (Table [1](#Tab1){ref-type="table"}).Table 1Descriptive statistics of the number of insured individuals by gender (employed individuals)MenWomen*N%N%*Year 2005239,0797.7165,2997.6 2006242,4827.8166,7587.6 2007249,2808.0171,2617.8 2008251,8178.1173,3947.9 2009253,7428.1177,0218.1 2010299,8479.6205,4679.4 2011309,9469.9214,5439.8 2012315,23810.1220,66810.1 2013316,38710.2223,12310.2 2014318,70710.2228,18110.5 2015322,00310.3238,12910.9Age group 40--44754,61324.2500,41722.9 45--49800,68125.7571,59426.2 50--54696,11322.3516,88123.7 55--59536,53717.2392,69518.0 60--65330,58410.6202,2579.3Educational level low2,178,91669.91,447,80666.3 high158,9795.1170,2627.8 missing780,63325.0565,77625.9Income low104,8793.4428,60619.6 middle536,41617.2840,40938.5 high1,761,15456.5472,30921.6 missing716,07923.0442,52020.3Occupational group unskilled960,74030.8898,15641.1 skilled1,464,93747.0502,15523.0 specialists285,5729.2599,08827.4 highly qualified109,7843.585,2493.9 missing297,4959.599,1964.5Multimorbidity81,4892.667,3643.1total number of observations3,118,52858.82,183,84441.2at least 2 years of observation2,835,45190.91,973,69990.4

Definition of multimorbidity {#Sec5}
----------------------------

Previous studies indicate that a simple count of diagnosis codes is not sufficient if time trends in multimorbidity based on health insurance claims data are studied \[[@CR29]\]. Changed diagnostic practices and increased sensibility of patients and physicians may foster earlier detection of diseases and increase the completeness of coded diagnoses over time \[[@CR29]\]. Therefore polypharmacy was chosen as an additional criterion to diagnosis codes. Including polypharmacy shifted the focus to individuals requiring constant medical supervision and a higher degree of medical care and reduced the impact of changing coding practice that might have taken place over time.

The selection of diagnosis codes is based on 46 disease groups and risk factors included in the MultiCare Study \[[@CR30]\], which covers a broad range of chronic conditions. Our data contain diagnosis codes according to ICD-10-GM. Haemorrhoids were excluded because the ICD-10 code changed during the study period leading to an implausible reduction in the number of coded diagnoses. A complete list of the ICD-10 codes used in this study is included in the supplementary material (Additional file [2](#MOESM2){ref-type="media"}). Data on all drugs covered by the statutory health insurance were used for defining polypharmacy. Drugs are coded according to the Anatomic Therapeutic Chemical Classification System (ATC) \[[@CR31]\]. The drugs were differentiated on fourth precision level, which permits changes in medication within chemical subgroups. By taking into account only diagnoses and drugs appearing in at least two quarters of a given year, short-term medication and non-chronic conditions were excluded. In accordance with previous studies based on these data, multimorbidity was defined as having six or more coded chronic conditions and five or more drugs prescribed. More detailed information on multimorbidity measurement issues can be found in prior publications \[[@CR29], [@CR32]\].

Statistical analyses {#Sec6}
--------------------

The development of multimorbidity prevalence and the effect of socio-economic factors were analysed using logistic regression models accounting for repeated observation of the same subjects over time. For dichotomous outcome variables, logistic generalized estimation equations (GEE) models are appropriate. GEE models account for the dependency of observations within individuals in different points in time. Population averaged logistic GEE models estimate the averaged effect of the independent variables on the outcome variable \[[@CR33]\]. Therefore, the interpretation of the results is comparable to those of a logistic regression models without this dependency. Within GEE regression models, the adjustment for intra-subject correlation is achieved by assuming a particular correlation structure for the repeated measurement of the dependent variable. For our analyses first-order autoregressive correlation structures were chosen, assuming a decreasing intra-subject correlation with increasing distance between years of observation. As logistic GEE models require panel data, the regression analyses were restricted to individuals having more than 1 year of observation (about 90%) (Table [1](#Tab1){ref-type="table"}).

Analyses on health inequalities can be conducted using measures of relative or absolute disparities \[[@CR34]\]. Logistic interaction models (year\*SES) were applied to estimate the relative increase or decrease in health disparities over time. Predicted multimorbidity prevalence probabilities were used to illustrate health inequalities in absolute terms. In order to predict these probabilities over time, predictive margins based on the logistic GEE analyses were estimated using postestimation commands. These estimates include all significant interaction terms (year\*SES) regarding differing time trends between SES groups. If no significant interactions were found, predictive margins estimates are based on logistic GEE regression models without interaction terms.

The present study focuses on health inequalities in absolute terms as this approach allows for a straightforward analysis of time trends in multimorbidity burden of the different SES groups. The major advantage of using predicted probabilities rather than simple prevalence proportions lies in the adjustment for changes in the structure of the study population over time (e.g. age and SES) that can be made if predicted probabilities are used.

It has to be kept in mind that the estimated interaction terms illustrate changes in health disparities relatively to the baseline level of multimorbidity risks in the first year of observation within a specific SES group. The same relative increase in multimorbidity prevalence risks might result in different levels of absolute inequalities due to such differences at the baseline level. Thus, health disparities in relative and absolute terms might develop differently, depending on the multimorbidity risk level of the respective SES group.

Results {#Sec7}
=======

The characteristics of the study population are displayed in Table [1](#Tab1){ref-type="table"}. The data comprise a total of 4,809,150 observations based on 700,844 individuals with at least 2 years of observation over time. Due to the restriction to employed individuals, the data contain a higher share of men than women. While the educational level was similar in both genders, income and occupational status tended to be higher in men. The total proportion of multimorbidity cases was about 3% (Table [1](#Tab1){ref-type="table"}). The proportion of multimorbidity prevalent individuals increased among all SES groups over time. This holds for men as well as for women (Table [2](#Tab2){ref-type="table"}).Table 2Mulitmorbidity prevalence proportion (%) by SES, calendar year, and gender (employed individuals) (AOK Niedersachsen, Lower Saxony, Germany, 2005--2015)Educational levelIncomeOccupational grouplowhighmissinglowmiddlehighmissingunskilledskilledspecialistshighly qualifiedmissingMen20051.40.71.33.51.81.21.21.51.01.50.91.520061.60.71.53.72.01.51.31.81.21.70.91.820071.80.91.82.92.01.81.52.11.41.91.12.020082.31.12.23.42.42.21.92.61.72.31.32.420092.51.32.43.42.62.42.22.92.02.51.62.620102.61.42.43.82.72.42.33.12.22.51.52.520112.81.52.73.83.02.62.53.12.62.71.82.820123.01.82.93.83.02.92.72.83.03.22.12.820133.42.03.15.33.63.12.93.13.33.52.62.920143.72.33.36.13.93.43.23.43.73.73.13.020154.02.43.44.93.93.83.23.53.94.03.23.2Women20052.00.71.92.61.71.81.92.21.81.51.01.920062.30.92.12.72.12.01.92.52.01.71.12.120072.50.92.42.62.42.32.12.72.21.91.32.320082.91.22.83.02.82.72.63.22.62.31.52.520093.11.23.13.13.02.93.03.52.82.51.62.620103.21.43.03.23.12.92.73.72.82.41.82.420113.31.53.33.43.23.12.93.92.92.62.22.520123.51.73.43.43.33.53.24.13.22.72.62.720133.81.93.84.03.53.63.44.43.53.02.92.620144.01.93.94.23.83.63.54.63.73.13.02.620154.22.34.14.43.94.03.64.84.03.23.22.7

The GEE regression models indicate a distinct annual increase in multimorbidity risks over time. This increase was more pronounced in men (9% per year) than in women (6% per year) as displayed in Table [3](#Tab3){ref-type="table"}. In both genders, a clear effect of educational level on multimorbidity risks could be observed. Having higher school education reduced multimorbidity risks by 32% in males and 38% in females. With regard to income, another gradient could be found. Belonging to the highest income group led to a decrease of multimorbidity risks by 28% in males. In females, income effects were much smaller. The reduction in multimorbidity risk amounted 9% in the highest income group of women. Comparing occupational groups, a gradient in women was found, as multimorbidity risks decreased with rising level of classification. In contrast to unskilled employees, highly qualified women had a 21% lower risk of suffering from multimorbidity. Among men, a similar pattern could be observed with the exception of specialists, who showed no significant difference compared to unskilled men (Table [3](#Tab3){ref-type="table"}).Table 3Logistic GEE-regression on multimorbidity prevalence risks by SES, age, and year, stratified for genderMenWomenOR95%-CI*p*OR95%-CI*p*Educational levellow11high0.680.63--0.74\< 0.0010.620.57--0.67\< 0.001missing0.870.84--0.90\< 0.0010.940.91--0.980.002Incomelow11middle0.830.79--0.86\< 0.0010.920.89--0.94\< 0.001high0.720.69--0.75\< 0.0010.910.88--0.950.001missing0.830.80--0.87\< 0.0011.051.02--1.09\< 0.001Occupational groupunskilled11skilled0.880.86--0.91\< 0.0010.910.88--0.94\< 0.001specialists1.040.99--1.080.1160.810.78--0.83\< 0.001highly qualified0.830.77--0.88\< 0.0010.790.73--0.86\< 0.001missing0.780.75--0.82\< 0.0010.630.58--0.68\< 0.001Year1.091.09--1.10\< 0.0011.061.06--1.06\< 0.001Age1.151.14--1.15\< 0.0011.131.12--1.13\< 0.001Number of subjects407,274293,570Number of observations2,835,4511,973,699Wald Chi^2^ (*p*)29,912.71 (df = 11) (\< 0.001)18,181.09 (df = 11)(\< 0.001)OR odds ratio,95%-CI 95%-confidence interval, *p p*-value, df degrees of freedom

The interactions year\*SES show the development of multimorbidity prevalence risks in relative terms within each SES group over time (Additional file [3](#MOESM3){ref-type="media"}). Significant interactions (*p* \< 0.05) of year and SES were found for income groups (men and women), educational level (only women), and occupational groups (only men). All significant interactions point towards stronger increases of multimorbidity risks in higher than in lower SES groups. However, it has to be noted that the interaction terms are quite small compared to the general time trend and indicate only slight differences in time trends between SES groups (Additional file [3](#MOESM3){ref-type="media"}).

The development of multimorbidity prevalence probabilities over time in absolute terms based on predictive margins stratified by gender and SES indicators is illustrated in Fig. [1](#Fig1){ref-type="fig"}. Between 2005 and 2015, probabilities between educational groups in males showed a rising (absolute, in terms of percentage points) difference over time (Fig. [1a](#Fig1){ref-type="fig"}), while absolute differences in females remained quite stable (Fig. [1b](#Fig1){ref-type="fig"}). Despite narrowing multimorbidity probabilities in middle and high income groups, the differences between the highest and the lowest income group among men remained constant (Fig. [1c](#Fig1){ref-type="fig"}). Among women, the differences between income groups were much smaller and no clear change in health inequality could be observed (Fig. [1d](#Fig1){ref-type="fig"}). In men, multimorbidity probabilities by occupational groups increased nearly parallel over time. As already indicated by the regression analyses, specialists had higher multimorbidity probabilities than skilled and highly qualified employees (Fig. [1e](#Fig1){ref-type="fig"}). Among women, absolute differences in multimorbidity probabilities between the highest and the lowest occupational group increased slightly over time, while probabilities of specialists and highly qualified women were nearly identical (Fig. [1f](#Fig1){ref-type="fig"}).Fig. 1Predicted probabilities of multimorbidity prevalence (%) and 95%-confidence intervals by year and SES, stratified for gender: (**a**) Men: Educational level (**b**) Women: Educational level (**c**) Men: Income (**d**) Women: Income (**e**) Men: Occupational group (**f**) Women: Occupational group. Predicted probabilities are derived from logistic GEE-models including SES indicators educational level, income, and occupational group simultaneously. All analyses are controlled for age

Discussion {#Sec8}
==========

Our study shows that not all SES groups are equally affected by the observed increase in multimorbidity prevalence that has taken place over time. While multimorbidity prevalence rose among all SES groups, we found widening absolute inequalities in multimorbidity among the middle-aged and older working population. However, the evidence for growing inequalities is limited as increases in absolute difference in multimorbidity prevalence probabilities between groups are restricted to educational level among men and occupational group among women.

Our findings are in line with previous studies that reported increases in multimorbidity prevalence over time \[[@CR4]--[@CR6]\]. While the prevalence proportions among older individuals insured by the AOKN tend to be higher in women \[[@CR29], [@CR32]\], the general level of the predicted probability of multimorbidity prevalence of men and women in the working population aged 40 to 65 years is pretty similar.

Previous research has produced evidence for social inequalities in multimorbidity. The present study supports these findings as social gradients in multimorbidity had been found, indicating a disadvantage for lower SES groups. These inequalities were found for both genders and persisted throughout the observation period. With regard to educational level and occupational groups, no distinct gender differences in the strength of these gradients could be found. However, a much smaller income gradient in women than in men was observed which can most likely be explained by the generally lower income level of women. Against the backdrop of stronger increases in multimorbidity prevalence risks over time in men, our analyses show a rather strong increase in absolute health disparities in terms of educational level. In women, the growth of inequalities in multimorbidity was less pronounced and appeared only in differences between occupational groups. These findings indicate a slower progress of social disparities in multimorbidity in women than in men.

The estimated interaction terms indicate a tendency towards narrowing relative inequalities. However, this is not contradicting the widening absolute inequalities reported in this study. The interaction terms represent changes in health disparities within a specific SES group relatively to the level of multimorbidity risks in the first year of observation. Due to such differences at the baseline level, the same relative change in multimorbidity prevalence risks results in different amounts of absolute change. However, decreases in relative inequalities would have led to narrowing absolute inequalities if they would have been much stronger or would have been constant over a much longer time period than the observation period covered by the data.

Strengths and limitations {#Sec9}
-------------------------

Up to now, little is known about the development of health inequalities in multiple chronic conditions over time. Our study attempts to step into this gap by comparing time trends in multimorbidity between SES groups among the working population using population-based health insurance claims data. The data contain large case numbers and provide detailed information on diagnoses and medications that permit to include a wide range of chronic conditions. Furthermore, our data represent a complete insurance population and are therefore unaffected by health-related nonresponse, which could occur if ill health leads to reduced study participation in surveys \[[@CR35]\]. With respect to age and sex, the insurance population is comparable to that of Germany but differs from the general population in terms of occupational groups and educational levels \[[@CR24]\] which could lead to an overestimation of morbidity if crude measures are employed. This overrepresentation of individuals holding lower socio-economic positions is controlled for as all analyses performed are adjusted for SES.

As the analyses are restricted to the working population, early retirement and unemployment due to poor health may lead to an underestimation of multimorbidity prevalence if the health of working-age populations should be investigated. However, following the assumption that the impact of poor health on early retirement and unemployment is constant over time, the reported time trends in inequalities in multimorbidity remain unaffected.

The chosen multimorbidity measure is based on a definition that classifies individuals as suffering from multimorbidity, who have six or more chronic conditions and are treated with five or more drugs. This strict definition leads to rather low prevalence proportions among the middle-aged and older working population but is considered to be robust against changing coding practice that might have taken place over time as it shifts the focus to individuals requiring a higher degree of medical care \[[@CR29], [@CR32]\]. The application of a less restrictive definition would have led to higher prevalence proportions because less severe degrees of multimorbidity are expected to develop earlier in life but would have reduced the reliability of the results due to measurement issues.

The dataset used contains information on education, income, as well as on occupational position. As it is known, that these indicators measure different dimensions of determinants influencing health they cannot be used interchangeably \[[@CR25], [@CR26]\]. The socio-economic information included in our dataset allows to analyse health inequalities in terms of each of these three SES indicators simultaneously, which can provide a deeper understanding of the underlying processes.

Conclusions {#Sec10}
===========

Using health insurance claims data, we found that time trends in multimorbidity among the working population differ between SES groups. This led to a growing disadvantage in men with lower educational levels and, to a lesser extent, women holding lower occupational positions. Thus, absolute social inequalities in multimorbidity are not only persisting but increasing over time. Keeping in mind that the presence of multiple chronic conditions hampers the ability to meet job requirements, growing inequalities in multimorbidity can be expected to foster both, the economic and the health disadvantage of individuals in lower SES groups. As policies aim on prolonging working lives, public health efforts have to focus on reducing these inequalities and on maintaining health among working populations up into the higher ages. In order to gauge the limits for further public health improvements, additional research is needed on how changes in lifestyles, prevention strategies, and working conditions have influenced the observed trends.
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